A method has been developed and is described for the quantitative determination of a nonpeptide antithrombotic in dog plasma. The assay employs reversed phase microbore high-performance liquid chromatography in conjunction with tandem mass spectrometry utilizing pneumatically assisted electrospray ionization. The analyte and internal standard are isolated from the plasma matrix by solid-phase extraction. The mass spectrometer is operated in the positive ion multiple reaction monitoring mode and is set to detect the presence of a precursor-product ion pair for both the analyte and internal standard to generate product ion chromatograms for both species. The analyte is quantified by using weighted least-squares regression of the peak height ratio of drug:intemal standard. The method provides linear response for plasma concentrations ranging from 5 ng/mL (25 pg on-column) to 2500 ng/mL. Statistical evaluation and examples of authentic sample assays are also presented. 2996, 7, 1238-1244) 0 1996 American Society for Mass Spectrometry (J Am Sot Mass Spectrom T here has recently been an increasing amount of attention given to fibrinogen receptor antagonists as a means of treatment and/or prevention of thrombotic and thromboembolic ischemic events such as stroke and acute myocardial infarction. These compounds exhibit antithrombotic activity by disrupting the platelet glycoprotein IIb-IIIa (GPIIbIIIa)-fibrinogen interactions-hence preventing platelet aggregation and subsequent thrombus formation. SB 214134 is a second-generation member in this class of compounds, employing a highly substituted benzodiazepine as the backbone of the molecule. To support preclinical pharmacokinetic characterization of the compound a rapid, sensitive, and specific assay was required for the quantification of SB 214134 in dog plasma. The molecule is not natively fluorescent, has a weak chromophore, is well retained on a reversed phase high-performance liquid chromatography (HJ?LC) system, and contains basic and acidic sites. In light of this, the use of high-performance liquid chro- 
Standards Sol 11 tions
The stock solution of SB 214134 (1 mg/mL) and working standard solutions at concentrations of 100, 10, 1, 0.1, and 0.01 pg/mL were prepared in H,O. The aqueous stock solution of internal standard (1 mg/mL) was diluted appropriately to prepare the working internal standard solution (4 pg/mL). These solutions were refrigerated for storage and were stable for at least 2 months.
Sample Preparation
A 100~PL aliquot of dog plasma, lo-50 PL of the appropriate aqueous working standard solution of SB 214134 (to give the desired analyte concentrations if preparing calibration standards), and 50 PL of working internal standard solution were briefly mixed in a 12 x 75-mm glass culture tube. To this was added 500 PL of an aqueous 0.1% trifluoroacetic acid solution, followed by another brief mixing. The sample was then transferred to a phenyl solid-phase extraction cartridge which had been conditioned with one column volume of methanol and one column volume of aqueous 0.1% trifluoroacetic acid. By using vacuum, the sample was passed through the cartridge and the eluate was discarded. The cartridge was then sequentially washed with 1 mL each of (A) aqueous 0.1% trifluoroacetic acid, (B) aqueous 0.1% trifluoroacetic acid:acetonitrile (95:51, and (C) methylene chloride containing 0.1% trifluoroacetic acid. The isolated analyte and internal standard were eluted from the cartridge by using 1 mL of aqueous 0.1% trifluoroacetic acid:acetonitrile (1:l). The eluate was collected in a silanized 12 x 75-mm glass culture tube. The tube was placed in a water bath (approximately 45 '0 and the fraction was evaporated to dryness under a gentle stream of nitrogen. The resulting residue was reconstituted with 100 PL of H,O and transferred to a lowvolume insert in the I-IPLC autosampler vial. The vial was centrifuged briefly to precipitate any suspended insoluble material.
High-Peuformance
Liquid Chromatography-Tandem Mass Spectromety
The HPLC system consisted of Hitachi L6200 and L6000 pumps (Danbury, CT), a model AS-3000 autosampler Uhermo Separation Products, Fremont, CA), and a SCIEX API III + mass spectrometer (PerkinElmer/Sciex, Ontario, Canada). The analytical microbore I-IPLC column was 50 X 1 mm, packed with 3-pm Hypersil BDS C,, material (Keystone Scientific, Bellefonte, PA). The injection volume was set at 5 ILL. The mobile phase consisted of aqueous 0.1% formic acid:acetonitrile (85:15) and was delivered to the column isocratically at a flow of 50 pL/min. The mass spectrometer was operated in the multiple reaction monitoring (MRM) mode by using ion-spray ionization with an ionization potential of 5500 V. The nebulizing gas (air) pressure was 40 lb/in.*, the curtain gas (N,)
flow was 1.6 L/min, and the orifice potential was 60 V. Ions were collisionally activated at an energy of 50 eV and the collision gas (Ar) thickness was 125 X 1013 atoms/cm*. To assay for SB 214134, the mass spectrometer was operated at unit mass resolution and set to select the [M + HI+ ion at m/z 429 for SB 214134 and the [M + H]+ ion at m/z 403 for the internal standard (SB 213198) via the first quadrupole mass filter (Ql) while signals for product ions at m/z 261 for both the analyte and internal standard were monitored via the third quadrupole mass filter (Q3). The dwell time for each transition was 200 ms. Multiple reaction monitoring data was acquired by using MacSpec version 3.22 and RAD version 2.5 software and integrated by using MacQuan version 1.3 software packages (Perkin-Elmer/Sciex).
Under By using the analyte and internal standard working solutions described above, a series of plasma samples were prepared having drug concentrations of 0, 5, 10, 30,50,100,300,500,1000,1500,2000, and 2500 ng/mL. These samples were subjected to the solid-phase extraction procedure to generate a 12 point standard curve. The chromatographic peak height ratios of product ions for drug and internal standard (drug:intemal standard) were obtained, weighted by a factor of l/x (based on analysis of residuals), and plotted versus the plasma drug concentrations. Linear regression analysis gave a calibration curve that was used to calculate plasma analyte concentrations. Precision Samples spectra for the internal standard are shown in Figure  3a and b, respectively. As seen in the spectra, although the precursor ions are different for analyte and internal standard, both compounds generate the same product ion at m/z 261 produced by cleavage at the amide bond linking the benzodiazepine moiety of the molecules to the bipiperidine or piperidine components.
Precision plasma samples were prepared by using a stock analyte solution prepared from a different analyte weighing than was used to prepare standards for construction of the calibration curve. Plasma precision samples were prepared in bulk at each of six concentration levels (5, 10, 20, 1000, 2000, and 2500 ng/mLl. The bulk plasma samples at each level were then subdivided and aliquots were placed into individual tubes and frozen until the time of processing. Six replicates of each concentration level were processed and assayed on each of three days to obtain statistical data concerning the assay reproducibility.
Under the conditions described, no chromatographic resolution is achieved between the analyte and internal standard. Both components coelute at a retention time of approximately 1.2 min. However by utilizing the mass resolution achieved, the extracted product ion chromatograms can easily differentiate between the two components.
Selectivity, Sensitivity, and Linearity
Results and Discussion

Compound Spectra and Resolution
The positive ion full-scan ion-spray spectrum for the analyte and the corresponding product ion spectrum obtained from the [M + HI+ precursor are illustrated in Figure 2a and b, respectively.
The corresponding Typical chromatograms obtained from selected monitoring of the precursor to product ion for extracts of control dog plasma and plasma spiked with internal standard only are illustrated in Figures 4 and 5 , respectively. These results demonstrate the high degree of selectivity and lack of interference from any endogenous components as well as any analyte-internal standard interferences.
In any quantitative method, sensitivity is a major factor to consider, especially when dealing with limited sample sizes. The current assay employs various techniques to enhance the sensitivity obtained. Many reported HPLC/MS electrospray methods utilize larger diameter Hl?LC columns (2 2 mm) and correspondingly higher mobile phase flow rates (> 200 pL/min), necessitating the use of a postcolumn splitter to reduce the flow rate of the mobile phase entering the mass spectrometer interface to approximately 50 pL/min 14-7, 28-331 so as not to adversely impact the sensitivity. Since the electrospray interface is typically considered to act as a concentration-dependent detector, such an approach can successfully be used, provided proportionately more analyte is injected on-column as the column diameter increases. This increase is proportional to the ratio of the column diameters squared. Hence, if the column diameter is increased by a factor of 2, then the amount of analyte injected must be quadrupled to give the same detector response. However when dealing with limited-volume samples, as is often the case in preclinical metabolism studies, such an approach may not be the most effective strategy. By utilizing a small-diameter (l-mm) microbore column, as in the current method, proportionately less analyte is required to be injected on-column to achieve the same sensitivity due to the concentration-dependent behavior of the electrospray process. In addition to reduced sample consumption, no postcolumn splitter is required, since 1-mm-i.d. columns can be operated very efficiently at near-optimum performance with a J Am %c Mass Spectrom 1996,7,X238-1244 mobile phase flow rate of 50 pL/min. Thus all of the injected analyte is used to generate signal, with none being wasted by diversion through a postcolumn splitter such as occurs with the use of larger diameter chromatographic columns and their associated higher flow rates. Another feature to enhance sensitivity in the current method is the use of on-column focusing of the analyte. For 1-mm-i.d. columns, especially those of short length as used here (5 cm), a 5-PL injection volume is unusually large and would typically lead to chromatographic band distortion and/or splitting. However by reconstituting the extract residue in a very weak solvent (100% aqueous) relative to the elution strength of the mobile phase (85% aqueous/l5% organic) larger injection volumes may be employed, with the analyte being retained and focused in a very narrow band at the column head. This is essentially on-column enrichment during the injection process, with very little migration occurring until after the injection process is completed. The result is a substantially larger analyte load than would typically be achieved, accompanied by very good chromatographic peak shape, effectively improving the sensitivity of the assay. the use of silanized glassware improved analyte and internal standard recovery from the dried solid-phase extraction residue. However, the use of silanized glassware was not necessary in either the initial spiking procedure or in the autosampler vials.
Assay Statistics
Utilizing the above techniques and operating the mass spectrometer in the MRh4 mode monitoring the analyte precursor-product ion pair of m/z 429/261, an on-column limit of detection (at a signal-to-noise ratio of 3) for the analyte was 2 ng/mL (10 pg on-column; 23 fmol). Based on the described sample preparation procedure and a 5-PL injection volume, linear response for the quantitative determination of analyte was obtained for plasma SB 214134 concentrations ranging from 5 ng/mL (25 pg on-column) to 2500 ng/mL (12.5 ng on-column). Correlation coefficients obtained by using weighted (l/x) linear regression analysis were typically 0.997 or better. Recove y
In any quantitative assay, the recovery of the analyte should be verified across the concentration range of the assay. Quantitative recovery is not necessarily a prerequisite for a successful quantification assay, although higher analyte recovery generally translates to better assay sensitivity.
However, consistent analyte recovery across the concentration range is essential to a successful assay. Inconsistent recoveries may lead to a series of problems such as nonlinear response or poor assay reproducibility.
The recovery data for analyte across the assay concentration range, as well as that for the internal standard, are summarized in Table 1 . These values (mean of six replicates at each level) represent the amount of analyte determined to be present in extracted plasma samples spiked to the specific analyte concentrations relative to unextracted standards. Recovery of the analyte is consistently high (> 90%) across the range, with a slightly lower recovery observed for the internal standard. Data indicated that say precision I 10% in all cases. The accuracy is also acceptable across the concentration range, varying from 97.8 to 101.1%. The use of peak height ratios rather than peak area ratios resulted in marginally better statistical performance.
Authentic Examples
The described method has been applied to dog plasma samples for quantification of the analyte following administration of the compound via various dosing regimens. Figure 6a shows the chromatogram obtained from selected monitoring of the analyte precursor to product ion for an extract of a plasma sample obtained immediately following an intravenous infusion administration of the drug to a dog. The plasma drug concentration in this sample was determined to be nearly 2000 ng/mL. Figure 6b shows the chromatogram obtained from selected monitoring of the analyte precursor to product ion obtained for the extract of a plasma sample obtained from the same dog at a significantly later time point. The plasma analyte concentration for this sample was still quantifiable and determined to be less than 10 ng/mL. These two figures demonstrate the utility of a method having both a wide linear response range as well as adequate sensitivity. This method has been successfully used to generate plasma drug concentration versus time profiles of the analyte following a variety of dosing regimens, with each study consisting of approximately loo-150 samples, allowing for the rapid generation of quantitative data used for the subsequent pharmacokinetic characterization of the drug's performance in the dog model.
Conclusions
In conclusion, the assay described is rapid, with chromatographic elution of the analyte and internal standard complete in less than 2 mm. The assay is selec-tive, with no evidence of any interferences. The linear response range for quantification is from 5 ng/mL (25 pg on-column) to 2500 ng/mL (12.5 ng on-column), with a limit of detection of 2 ng/mL (10 pg oncolumn). The assay is based on easily obtainable sample volumes, and statistical evaluation proved the method to be reliable over the concentration range described. Finally, the method has successfully been applied to preclinical pharmacokinetic studies.
